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Abstract 


Ultra-violet  Ptiotoem  i  ss  ion  Spectra  (UPS)  i  nvo  !  v  i  ncj  core 
level  photoemission  peaks  (  Ga  3d  for  GaAs  and  Si  2p  for  Si ) 
is  measured  for  the  (111),  (110),  (111),  and  (UOT)  surfaces 
of  GaAs  and  Si  using  the  light  from  a  Helium  lamp  (21.2  eV 
and  40.8  eV )  and  from  the  Berlin  synchrotron  radiation 
source  BESSY  (108.6  eV),  respectively.  These  surfaces  are 
prepared  by  ion  bombardment  and  anneal ing  on  cy I i ndr i ca I ly 
shaped  GaAs  and  Si  crystals  with  [TlO]  as  their  axis.  The 
GaAs  cylinder  is  in  addition  prepared  by  molecular  beam 
epitaxy  yielding  As-r  i  ch  phases  on  (111)  and  (00!).  The  wor'k 
function-^  and  the  electron  af  f  i  n  i  ty  o<.  3i'e  evaluated  from 
the  low  energy  (secondary  electron)  threshold  and  the  energy 
pen.  i  t  i  on  of  the  core  level  ptiotoem  i  ss  i  on  peak.  It  is  shown 
that  due  to  the  crystal  polarity  and  differences  in  surface 
composition,  the  electron  affinity  depends  strongly  on 


1 


'■.lie  orientation  tor  Ca.As 


.  tc>r  j  I  ,  ttie  mi  53  i  nc,  tu  1  k  po  lar  •  t-.- 
I  roipcno  i  b !  e  tor  the  sina  I  !  variations  of  which  'Ticjy  be 
caused  by  the  different  surface  reconstructions.  On  GaAs, 

'‘VI'"'-  •' 

the  Variation  of  'P  and  X  are  essentia!  ly  para!  lei  -ndi  eating 

no  strong  band  bending  variations.  On  Si,  however,  the 

.  .  . 

relatively  strong  variations  ot  (p  indicate  strong  variations 
of  the  band  bending., 

1 .  ! ntroduct i on 


The  change  of  work  function  0  of  metals  reflects  the 
electric  dipole  of  atoms  in  the  surface  layer.  Both  theory  an 
experiment  have  proved  [^"^3  that  the  value  0  is  related  to 
the  crystalline  orientation;  it  has  the  maximum  value  in  the 
c I osed-packed  plane  and  decreases  with  the  decreasing  of 
atomic  density.  For  example,  the  0s  of  tungsten  in  different 
crystal  planes  can  have  a  difference  of  about  207,  3.  This 

phenomenon  can  be  explained  by  the  smoothing  effect  of 
distribution  of  surface  charge  densityl-^3^  Specifically,  the 
distribution  of  positive  ions  in  the  Wigner-Seitz  primary 
cell  is  uniform.  In  order  to  minimize  the  total  energy,  the 
moveable  electronic  charges  will  relax  and  produce  the 
surface  electric  dipole  which  decreases  the  work  function 
and  is  crystal  1  i ne  orientation  dependent. 

For  semiconductor  crystal  lines,  it  is  the  change  of  the 
electron  affinity  X  of  electrons  that  reflects  the  surface 
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Vl'.-f! 


elect"fc  dipoie.  GaAs  fs  part i a ! I y-po I ar i zed  compound.  The 
change  of  X  ic  mainly  attributed  to  the  'jr/sta!  !  .  rie  '^o it  , 
and  surface  composition,  and  the  smoothing  effect  cf  surface 
char  ge-o  is  not  i  mportant  [  3 1  _  0y-(-  fQp  unpoiarized  covalent 
semiconductor  Si ,  how  wi  !  1  X  change  with  the  crystal  1  i ne 
orientation?  Does  the  smoothing  effect  of  surface  charges 
affect  it?  This  paper  will  answer  these  questions,  and  the 
(.) !  nred  positions  of  lerrni  energy  of  several  !  crw- i  noex 
surfaces  of  GaAs  and  Si  will  be  given. 

2.  Principles  of  Measurement 

The  electronic  affinity,  work  function,  surface  Fermi 
ener  gy  and  other  parameters  are  determined  by  photoern i  ss  i on 
spectroscopy.  The  principle  of  this  technique  is  shown  in 


Ana  I yzer . 


'“he  '..'hanqe  ot  high  energy  (e'ectrcn  K  ’  net  i  :  energy  i 

t.hi<_jhol'J  directly  gives  out  the  change  of  surface 
potential  barrier  that  is: 

^  =  A(qV3)  (  I  } 

The  threshold  of  low  energy  (second  electron)  of  photo 

electrons,  directly  reflects  the  change  of  work  funcLion 

(J,  that  is: 

=  X  +  ^(qV^)  (2) 

^  ^t_  and  E|^  are  measured  simultaneously,  we  can  obtain 

the  relative  change  of  electron  affinity^X,  that  is: 

=  -AE,,  =  A(  El  -  )  (3) 

From  Fig.  1.  v/e  a  I  so  can  learn  that  if  the  energy  of 
the  incident  photons  is  known,  X  (or  the  ionization  energy) 
and  0  can  be  calculated  using  the  total  width  W  of 
photoemission  spectrum  and  qV^.  That  is:  X  =  -  V,'  -  Eg  (or 

=  --  W)  and  0  =  %-  (Lp  -  Ey)^  +  qV^.  where  (£p  -  is 

the  difference  of  the  bulk  Fermi  energy  Ep  and  the  energy  of 
the  top  of  valence  band.  As  soon  as  the  values  of?  and  ^ 
are  known,  tfie  pinned  position  of  surface  Fermi  energy  can 
be  obtained.  That  is  the  difference  of  Ep  and  Ey  in  the 
surface:  _  £^)  _  The  value  of  qV^  can  be 

determined  according  to  the  known  value  of 

In  the  experiments,  it  is  difficult  to  measure  the 
position  of  the  top  ofthe  valence  band  precisely.The  reason  is 


the  overlapping  of  the  phctoem i ss i on  of  the  valence  band  and 
the  photo  electrorvi  from  the  intrinsic  surface  states  orn.j 
defect  states  which  are  dependent  on  the  crystal  I  i ne 
orientation.  In  order  to  overcome  this  difficulty,  we  can 
measure  the  energy  of  some  gap  states,  Ej, 

known  and  are  constant)  as  the  reference  energy,  instead  or 
the  measurement  of  the  high  energy  threshold  (  the  position 

^v'*  h  or  GaAs ,  E  ,•  is  usual  ly  chosen  as  the  3d  of 
for  3i,  no  such  kind  of  measurement  has  been  reported,  and  3^'^ 
we  chose  2p.  The  difference  of  Ga  3d  and  the  top  of  the  valence 
band  is  18.81+0.02  We  used  He  II  (40.8  eV)  and  He  I 

(21.2  eV )  as  light  sources  to  measure  the  peak  values  of  Ga 
3d  photo  electrons  and  the  second  electrons  of  GaAs, 
respectively.  The  energy  level  of  2P2/2  Si  is  98.74  eV^”^ 
below  the  top  of  the  valence  band  ;  the  correspondent 
photoemission  spectrum  was  measured  with  the  synchrotron 
radiation  at  BESSY  (Berlin)  as  light  source  (b^^lOB.b  eV  was 
selected  by  a  S.X-700  monochromater )  .  The  photo  electrons 
measured  in  this  method  are  mainly  from  the  first  several 
atom  layers  under  the  surface  and  its  thickness  is  far  less 
than  Debye  length.  The  depth  of  measurement  for  Si  is  a 
little  larger  in  order  to  decrease  the  contribution  of  the 
most  outside  layer  of  the  atoms  because  experiments  ha /e 
already  shownl-*^’^3  that  2p  energy  level  of  Si  at  the  most 
outside  layer  has  chemical  d i sp I acement . 


.  Experiment 


GaAs  samples  are  Te-doped  n-type  single  crystals  (n 
6  X  IQl''  cm~^  )  ,  and  Si  samples  are  B-doped  p-type  single 
crystals  Cp  ^  2  X  10*^  cm~^ ) .  In  order  to  obtain  different 
crystalline  orientations,  both  type  samples  are 
cy 1 i ndr i ca 1 1 y  shaped  with  diameter  of  23  mm,  height  of  10 
mrn,  and  with  [!1UJ  as  axis.  The  structure  of  sample  holders 
can  be  referred  to  [8].  The  surface  of  Si  was  cleaned  by 
bombardment  of  Ar  ions  (IkeV)  plus  annealing  (1050  -  1100 
K),  that  is  1  BA  surface.  The  surface  of  GaAs  was  cleaned 
with  two  methods:  (a).  !BA  surface  obtained  by  the 
bombardment  of  Ar  ions  plus  annealing  ('^800  K),  (2). 

molecular  beam  epitaxy  methodl-^]  with  single  evaporation 
furnace  (loaded  with  GaAs)  to  prepare  MBE  surfaces  on  above 
1  BA  surface. 

The  experimental  arrangement  is  a  multifunction 
electron  spectrometer  including  a  LEED  system,  a  AES,  and  a 
UPS  system  with  binocular  cylinder  analyzer,  and  an  ion  gun 
for  sputtering  disposal.  A I  I  the  measurements  were  carried 
out  in  10“'-^  -  10~*®  Torr  ultra-high  vacuum.  The  results  of 
AES  and  LEED  measurements  show  that  both  GaAs  and  Si  have  a 
clean  arid  ordered  surface,  for  the  I  BA  surface  of  GaAs, 

(111)  surface  is  (2X2)  reconstructed;  this  agrees  with  [lOJ. 
(110'  surface  is  (1X1)  structure.  The  diffraction  spots  of 


;  1  1  :  .jchJ  fOGl  )  sun-aces  are  cornparat  i  ve  !  y  weak  and  tne 
uacKyt  ouiid  i  s  fcr  i  y! jt-jr ;  these  indicate  that  tl-ie 
concen t r at i on  of  defects  is  comparatively  high.  For  the  MBE 
surfaces  of  GaAs,  the  atomic  structure  of  (!!!)  and  (  !  !  0 is 
same  as  I  BA  surfaces,  and  (111)  and  (OOT)  clearly  show  As- 
r i ch  (2x2)  and  C  (2x8)  reconstructed,  respectively.  This 
agrees  with  the  result  of  literature  [!!]  and  [12].  For  the 
ISA  s jrfaces  of  bi ,  the  LEED  patterns  of  ( i ; 1 ;  and  i ! ! i ) 
surfaces  (they  are  sante )  have  the  typical  (7X7) 
reconstruction  structure,  and  (OOT)  is  (2X1)  reconstructed. 
These  results  agree  with  most  experimental  results  of  other 
people.  But  for  (110)  surface,  although  the  integer  and  non¬ 
integer  spots  can  be  observed,  we  could  not  distinguish 
wfiether  it  is  a  (4X5)  room  temperature  phase  or  a  (2X1)  high 
temperature  phasel^'^J.  The  srna  I  I  planes  which  are  neighbors 
of  (110)  also  possibly  exist. 

4.  Results  and  Discussion 

Fig.  2  and  Fig.  3  are  the  photoemission  spectra  of  MBE 
surfaces  of  GaAs  and  the  1  BA  surface  of  Si,  respectively.  It 
can  be  seen  that  the  low-energy  sides  are  a! I  relatively 
steep,  and  tli  i  s  indicates  that  it  is  easy  to  determ  irre  the 
low-energy  threshold,  wliich  reflects  the  change  of  work 
function.  Because  the  photo  electron  peaks  of  3d  of  GaAs  and 


jp  (_)f  i  ire  at.yrrifi'iet:  r  j  c .  in  oider  to  rrieobure  ttie  chaiioee  'j^r 
‘■.'i.t.'if  '..’Ob  i ;  CTis  t.'^e  .nost  precise  fet'br>^r!ce  ;-’oinr  i ic^  ttio 
maximum  '-■!  M'le  peat",  bat  the  position  of  the  halt  heiorit  jr 
the  high  energy  side.  The  relative  error  of  this  measurement  i 
the  same  as  the  case  of  determining  the  low-energy  threshold; 
For  GaAs,  it  is  estimated  as  =0.03  ev  and  ~or  Gi  it  is 
estimated  as  ±0.015  eV . 


The  Jv,  and  E, 


of  several  low- index  srvsta’  I  i ne 


surfaces  of  UaAi  and  3  i  ,  determined  with  the  above  method,  are 
I i sted  in  table  1.  The  values  of  ^  are  not  I isted,  but  it 
can  be  determined  easily  by  use  of  the  sum  of  X  and 

value  of  Eg  room  temperature  is  used;  Eg ( GaAs ) = 1 . 42  eV 
2nd  (S  !  )  =  1  .  12  eV  J  .  The  positions  of  the  core  levels 
relative  to  the  top  of  the  valence  band  are  not  fully  the  same  in  the 
!  i  t  eratur  e  ;  for  examp  I  e  >  the  iiwaxirnun  deviation  of  the  3i-2p 
is  several  tenths  of  1 eV .  Furthermore  it  is  difficult  to 
obtain  a  precise  value  of  the  incident  l ight  from  bX-700 
monochromator.  When  we  determine  the  absolute  values  in 
table  1.,  with  reference  to  I  iterature  the  f o I  lowing  values 
were  cal'brated:  for  hi  -  (00!) -(2X1)  surface,  0  =  4.S7  eV 
and  =  0.46  therefore  ^  =  5.33  eV;  tor  GaAs- 

(  1  1 0 )  - 1  BA  surface,  =  0.75  The  later  correction 

assumes  that  there  are  a  great  number  of  defect  states  m 
Ltie  (  liU/  ;.urf-aL.e  u1  GaAs ,  (  pt' epar  ed  with  I  BA  method).  These 
defect  states  lead  to  Fermi  energy  being  pinned.  Such 


.  V. ,  .  V  .  -..y. 


assumption  is  not  very  reasonable  ana  produces  some  errors  for 

tiJU'SO  1  'J  1::*  '/■£:  I  'Jt*  £  p\/*t  f  iDU^  t  -ht?  I'c?  !  3  ^  I"  3  I  .tt!  I  1’1“!  W  1  U  i  -J 

cr'yst^Mine  ori  entat  i  cn  is  st  H  1  correct  . 

Uifrerent  from  the  experimental  resulLs^^^J  of  metals, 
the  electronic  affinities  and  work  functions  of  GaAs  in 
['ll!]  and  1  1 T  J  are  obviously  different.  For  example,  in  FIBL 
surfaces,  j  , j j  is  0.42  eV  greater  than  X(  i  j  i  j  and  is  equal 
to  the  value  in  the  close  packed  (110)  plane,  that  is  X,,,- 

~"^(110)  “  4.18  eV.  These  results  indicate  that  in  the 
surfaces  of  GaAs,  the  decisive  factor  for  the  changing 
character i St i c  of  X  is  not  the  smoothing  effect  of  the 
surface  charges,  but  the  polarity  of  crysta  !  I  i  ne  ^  J  .  (Ill) 
plane  and  (111)  plane  are  terminated  by  As  atoms  (negatively 
charged)  and  Ga  atoms  (positively  charged),  and  this  is  the 
cause  which  makes  larger  than  X(  j j j  )  .  Because  the 

surface  composition  of  GaAs  depends  cn  the  method  of  surface 
preparat i on ,  (111),  (OOT),  and  (001)  surfaces  of  MBt  method 

are  As-rich  and  are  different  from  the  surfaces  prepared  with 
the  IBA  method.  TheX^jjj^  and  X  (OOT)  method  are 

obviously  larger  than  the  correspondent  values  of  IBA 
surfaces  (  see  table  1)  and  this  also  indicates  that  for 
different  crystalline  surfaces,  the  changes  of  X  and  jS  are 
almost  para  1  lei.  This  indicates  that  the  bending  of  tlie 
surface  energy  bands  are  bas i ca I ly  the  same. 


Kig.  2  The  phiotoein  i  ss  i  on  3pectra  of  GdAs -MfcE  sur^oce--,  .1. 
the  vicinity  of  the  second  eIect:-Dn  and  Ga  3d,  with  He  I 
and  He  ! !  as  1 ight  sources. 

Ghoi  L  vertical  lines  are  the  positions  of  the  threshold 
and  the  positions  of  the  high  energy  side  of  Si  2p.  The 
abscissa  and  ordinate  are  the  kinetic  energy  of  photo 
electrons  and  the  relative  intensity  N(E), 

respectively.  The  zero  point  of  chosen  as  the  low 

energy  threshold  of  (111)  surface. 
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Table  1.  Values  oF  the  electron  affinitzies  ar'J  wc  r  k 
(^unctions  ^  of  GaAs  and  Si  ,  and  surface  Fermi  energy  Fp^^,- 
( un i t  is  eV )  . 


0 

Si 

(BA 

MBE 

IBA 

n 

4.45 

4.86 

4.59 

4.55 

4.91 

4.59 

4.45 

4.82 

4.87 

*  Results  of  measurement  on  ( QO 1 )  surface 
1  -  Crystalline  orientation 

For  non-polar ized  crystal  ^ i ,  j j j ^  j j q ^ ,  and 

I  ll  )  ^  ■  ■  -dua  !  to  4.14  eV ,  X(  qqT  )  '  ^  little  1  arger  and 

equal  to  4.21  eV.  We  also  determined  that  is  equal  to 

4.23  eV.  That  is  t  the  value  of  X  in  Si-[001J  direction  is 
about  O.OSev  higher  than  the  values  in  [11!]  and  [110] 
directions.  This  difference  is  small,  but  it  is  repeatable 
For  several  measurements,  and  it  is  not  error  an  error  of 
measurement.  Different  from  x,  the  values  of  0  have 


’tsgfi 


relatively  obvious  changes  (see  table  ;  ::  .  shoe  la  be 
attributed  to  t!ie  change  of  the  surf^'_e  r-'.  -r  -  .  a  I  . 

The  experimental  result  that  different  crystal  line 
surfaces  have  almost  the  same  X  value  indicates  that  the 
smoothing  effect  of  surface  charges  is  not  important  for  Si. 
In  metals,  the  distribution  of  the  valence  electrons  in 
Wigner-Seitz  primative  cells  is  uniform,  but  in  covalent 
crystals,  the  valent,  electrons  mostly  distribute  in  tlie 
direction  of  bonds-  This  is  possibly  the  reason 
the  smoothing  effect  of  the  surface  charges  decreased 
cbv i ous I y . 

The  value  of  X,  in  Si  (001)  is  3  little  higher.  This  way 
be  related  to  the  surface  electric  dipole  which  is  produced 
by  the  atomic  reconstruction,  in  the  recent  20  years,  people 
suggested  many  models  to  explain  the  (2x1)  atomic 
reconstruction  in  Si  (001)  surface.  The  calculation  of  total 
energy  indicates  that  the  symmetric  dimer  model  is  the  most 
stable  one  Usua 1! y  the  reconstruction  of  atoms  will 

cause  the  re i mpur i zat i on  of  valent  electrons  and  then  cause 
the  change  of  distribution  of  electrical  charges.  In  the 
asymmetric  dimer  model  of  Si  (001) -(2X1),  the  two  paired 
atoms  i  ri  the  surface  layer  move  towards  the  inside  by  0.08  A  and 
0.53  A,  respectively,  and  0.35  -  0.45  e  electrical  charges 
have  been  moved  to  the  top  atoms  from  the  bottom  atomsl^*^^. 
As  a  result,  an  electric  dipole  is  formed  in  the  surface 


v/h  i  ch  increases  the  el  ect  ron  i  c  affinity.  Si  (  ’  !  I  )  -  (  7'^  "^  ) 

:  ur  t-.dee  .v.js  d  I  i.o  i'^  'jdieU  i  rttens  i  ve  1  y  .  But  becauie  the 
reconstruction  unit  is  large,  it  increases  the 
comp  I  i cat  ion  of  the  problem.  Therefore  the  result  of 
cdlcuiation  is  not  as  mature  as  in  the  case  of  -  (  i  00 )  -  (  2.< !  )  . 
riie  overa  I  1  opinion  is  that  there  is  also  an  electric  charge 
transfer  which  accompanies  the  moving  up  and  down  of  atoms, 
ctiad:  et  j  I  assumed  tlial  t^1e  charge  tr  ansfer'ed  :s  about  . 

which  is  a  little  smaller  than  that  in  the  case  of 
{00!)-(2Xl)  reconstruction.  Different  reconstructed  surfaces 
have  ditferent  surface  electric  dipole;  this  is  possibly  the 
cause  which  leads  to  the  smaller  value  of  X.  Furthermore, 


surface  terraces  will  also  produce  an  auxiliary  electric  dipole 
and  then  change  the  electron  affinities  or  ionization 
ener  qy  n  *5 , 20  ]  ^  Especial!'/  in  the  cases  of  the  neighbor 
crystal  surfaces  or  high  index  crystalline  surfaces,  the 
influence  of  the  surface  terraces  wi I !  be  important. 


'3.  Conclusion 


Compared  with  metals,  the  change  of  electron 
affinities  of  GaAs  and  Si  is  relatively  small.  For  GaAs , 
the  relative  change  between  different  crystalline 
orientations  is  about  107..  Considering  the  surface  electric 
dipole  is  due  to  the  change  of  surface  composition  (Ga  and 


Si),  the  behavior  of  ^  can  be  explained.  At  I  eact  tlie 
smoothing  effect  of  surface  charges,  which  i  ■_  a  decisive 
effect  for  metal  surfaces,  is  not  important  for  boAs. 
Different  from  GaAs,  the  low-index  crystalline  surfaces  of 
Si  have  approximately  similar  electron  affinities  and  only 
increase  a  sma I  I  amount  in  (001)  surfaces.  This  indicates 
that  the  smoothing  effect  of  surface  charges  in  Si  surfaces 
is  neg  !  igil-le.  The  tiny  change  o*'  X  may  be  related  to  the 
surface  atomic  reconstruct i on  or  the  electric  dipole 
produced  by  surface  terraces.  As  for  the  bending  of  surface 
energy  bands,  they  are  approx  imate  1  y  the  same  in  the  several 
crystal  I  i ne  planes  of  GaAs  under  study,  but  fcr  Si ,  there 
are  relatively  obvious  changes. 

The  authors  would  like  to  express  their  thanks  to  the 
col  leges  at  8er I  in  Synchrotron  Radiation  Source  (BESSY), 
especial ly  A.  Puschmann,  J.  Haase,  and  H,  Petersen,  for 
their  support  and  help  during  the  experiment.  Also  thanks  t' 
Rong  Weng i  of  Institute  of  Semiconductors,  Chinese  Academy 
of  Science,  and  H.  Haak  of  F M tz-Haber- I nst i tute ,  West 
Germany,  for  their  help  in  the  processing  of  the  cyl  indrically 
shaped  samples  of  GaAs  and  Si. 


j  i-  r-  --s  {'  •- 


[  1  ]  H.  VC'agner,  “Solid  Surface  Physics,  Springer  Tt*cts  in  Modem  Physics,  Vol.  85  (Springer,  Ber¬ 
lin,  1979)”  ‘P»a{¥i£X*. 

R.  Smoluchowski,  Phys.  Rev-  60,  661  ( 1941 ). 

[  2  ]  T.  M.  Gardiner,  H.  M.  Kramer  and  E.  Bauer,  Sur/.  Set-  112,  181(1981), 

(  3  ]  W.  Ranice,  Phys.  Rev-  B27,  7807(1983). 

[4]  E.  A.  Kraut.  R.  W.  Grant,  J.  R.  Waldrop  and  S.  P.  Kowalczyk,  Phys.  Rev.  Lett-  44,  1620 
119801. 

[  5  1  F  J,  Himpsel.  G.  Hollinger  and  R.  A,  Poliak,  Phys.  Rev,  B28,  7014  (1983). 

[  6  )  F.  J  Himpsel,  P.  Heimann,  T.  G.  Chiang  and  D.E.  Eastman,  Phys.  Rev.  Lett-  45,  1112(1980) 

n  1  W  Ranke  and  Y,  R.  Xin*  ()fStt« ).  BES.SY  Annual  Reoort  1983. 

(81  W.  Ranke,  Y.  R.  Xing  (  and  G.  D.  Shen  (it3tX8),  Surf.  Set-  120,  67(1982). 

[  3  ]  P.  Geng,  W.  Ranke  and  K.  Jacobi,  /.  Phys-  E9,  924(1976). 

[10]  A.  U.  Mac  Ran,  Sutf.  Set-  4,  247(1966). 

[llj  W.  Fanice  and  K.  Jaoobl,  Surf.  Set-  63,  33(1977). 

[12]  P.  Dtathen,  W.  iUnke  and  K.  Jacobi,  Surf.  Set,  Tl,  L162  (1978). 

[13]  B.  Z.  Olshanetzky  and  A.  A.  Shklyaer,  Surf.  Set-  67,  581  (1977). 

[14]  S.  M.  Sze,  Physics  of  Semiconductor  Devices.  Wiley,  New  York,  1981. 

[13]  G.  Hollinger  and  F.  J.  Himpsel.  J.  Vac,  Sci  TecHnol,  Al,  640(1983). 

[16]  W.  E.  Spicer,  I.  Lindau,  P.  Skeath,  C  Y.  Su  and  Patrick  Chye,  Phys.  Rev.  Lett-  44,  420(1980). 

[17]  D.  J.  Chadi,  J.  Vac.  Sci.  Techno/-  16,  1290  (1979). 

[18]  D.  J.  Chadi,  R.  S.  Bauer,  R.  H.  Williams.  G.  V.  Hansson,  R.  Z.  Badirach.  J.  C.  Mikkelsen,  Jr« 
F.  Houzay,  G.  M.  Guichar,  R.  Pinchaux,  and  Y.  Petroff,  Phys.  Rev.  Lett-  44,  799  (1980). 

[19]  H.  Ibsch.  Surf.  Set-  53,  444(1973). 

[20]  S.  Krueger  and  W.  Mdnch,  Surf.  Sci,  99,  157  (1980). 


'\.r. 


mmmsm 


